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COMPLETE SPECIFICATION 
Apparatus for Orthoptic Training Purposes 



We, The "Wottbjng In'strxtment Coh- 
p.uM', a corporation orgrauised in accord- 
ance witk the laws of the Stat^ of Oluo, 
rnited States of America., of Amherst, 
6 Ohio, United States of America, do here- 
by declare the nature of this inveution 
and iu what manner th« same is to be 
performed, to be particularly described 
and ascertained in and by the following 
10 statement: — 

This invention relates to apparatus lor 
orthoptic training purposes. It has to do 
particularly with the provision oi an 
apparatus which may be effectively used 
16 in a method for directing the exercising 
of the muscles o£ the eyes to improve the 
tonicity thereof and to correct conditions 
and habits of improper innervation. 
In the prior art, some efforts have been 
20 made to exercise the eyes for the purpose 
of overcoming the weaknesses thereof. 
However, in the main, these efJorts have 
been of such a natui-e that the benefits 
derived therefrom have been temporary. 
26 In some cases, the results have been even 
harmful to tbe patient. Such prior art 
devices as have found some favour have 
been lacking in any adequate means for 
properly measuring the imbalances and 
30 other defects sought to be corrected. Con- 
sequentlv, it has been necessary to employ 
instruments, other than the eye exercising 
instrument, to first deteniune the im- 
balances of the ej-es in order to be able to 
36 subsequently treat the eyes with the eye 
exercising instrument to overcome the im- 
balances. 

In addition to this, many of the prior 
art machines have been so constructed and 

40 operated that attempts to overcome im- 
proper habits of the eyes have resulted 
in the formation of other improper habits, 
in manj' cases more harmful than the 
original imbalances or defects. Por 

45 example, efforts have been made to exer- 
cise the eyes by causinc: them to observe 
two targets which are thereupon moved 
towards or from each other so that the 
muscles of the eyes in seeking to follow 

50 such targets are exercised. Exercising of 
the evi?s is efiPftcten by this method, b\it 
the difficulty is that' the movement in- 
duced is comparatively abnormal or at 
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least a movement that simulates a rela- 
tively small portion oi the normal opera- 
tions or movements of the eyes. The 
movement induced by this prior art 
method tends to set up improper habits, 
which will be difiicult to overcome, since 
such movement is in confiict with the nor- 
mal and piroper habits of movement of the 
eyes which noiTnally tend to move together 
to different points *of fixation. In order 
to properly exercise the eyes, it is not only 
necessary to impart the desired motor 
nei"ve impulses to the eye muscles but also 
to establish over their proper paths the 
reciprocal innei*va.tions as well. These 
reciprocal innei'vations and tlieir proper 
training are of extreme importance and 
seem to have been completely overlooked 
in prior art instrumentation' and tech- 
nique. Exercising of the eyes merely by 
moving targets towards or from each 
other, as indicated, places a large limita- 
tion on the exercise in that fusion may be 
lost if the targets are moved too far apart 
or too close together. 

Likewise, machines have been devised 
involving a plurality of targ^ets which are 
rotatable simultaneously but indepen- 
dently while some rocking movement is 
also imparted to each target. The in- 
dependent rotation of such targets tends 
to interfere with proper fusion and any 
rocking motion imparted to such targets 
is fatal to fusion and uiay be harmful to 
the patient. In many cases suspension or 
suppression of vision has occurred in one 
eye due to muscular imbalances which 
make it impossible to maintain binocular 
single vision. In these cases, duction 
reseiT^es are so lacking that the eyes can- 
not be immediately made to deviate from 
their assumed position and to fixate on the 
usual targets, this being especially true 
of vertical imbalances due to the fact that 
the vertical dxiction reserves in normal 
man are small. This condition makes it 
imperative that the targets once ])laeed in 100 
line with the visual axes of the eyes, be 
maintained in u perfectly horizontal plane 
throughout any and all excursions which 
these "targets may be caused to take.^ A 
slight rocking in a vertical plane of either 105 
target would cause a break in fusion and 
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disrupt tlie procedure for properly exer- 
cising tlie eyes. 

(Jue object of tlie iuTention is to provide 
an apparatus capable of meeting ail needs 
5 of ortkoptic training in all its phases, 
namely : lii'st, as an aid in the reduction 
of amblyopia ex anopsia; second, to 
establish simultaneous binocular vision ; 
third, for stereoscopic fusion training; 

10 fourth, for the building of duction re- 
sei'ves for comfortable vision. 

Another object of the invention is to 
provide orthoptic training apparatus 
which is of such a nature that it may 

16 first be employed for quickly and 
accurately detecting the imbalances or 
other defects of the eyes and subsequently 
be used for correcting or overcoming* such 
imbalances or other defects. 

20 Another object of the invention is to 
provide apparatus which is of such a 
nature that it may be employed in sub- 
jecting the eyes to training in such a 
manner as to induce normal habits only 

25 and wherein the results of training will 
be q£ permanent value. 

Another object of the invention is to 
provide an apparatus, the principles of 
which are based upon the recognition that 

30 all the associated movements of the eyes, 
become more or less habitual through 
repetition, and which is designed to 
establish through rhythmic excursions of 
the eyes, both the desired motor nerve 

35 impulses and the direction of the re- 
ciprocal innervations over their proper 
paths, thus accomplishing proper group 
action of not only the muscles of each eye 
but a coordination of both groups in their 

40 normal versions in all meridians. 

Another object of the invention is to 
provide orthoptic training apparatus 
wherein the usual procedure of treatment 
is reversed in that yision in the ambl^^opic 

46 or suppressing eye is developed and fusion 
and ster-eopsis is trained, before attempt- 
ing the stimulation of ductions, thus de- 
Teloping tonicity and motility more 
rapidly. Stimulation of th© extrinsic 

60 muscles in the desired direction is created 
in much less time with the aid of 
stereopsis, and stereopsis must be present 
before permanent rdlief or cure can be 
obtained by orthoptic training*. 

55 Another object of the invention is to 
provide an orthoptic training device 
wherein means is provided for placing 
targets to b© observed in line with the 
visual axis of each eye before either fusion 

60 or steropsis is sought to be induced and for 
holding such targets in such positions 
■during the procedure of exercising the 
eyes. 

Another object of the invention is to 
66 provide a wide latitude of prismatic effect 



both base-in and base- out without break- 
ing the binocular single vision and also 
to provide means for producing vertical 
prismatic efiect of any necessary or de- 
sired amount without interruption of 70 
binocular single vision. 

Yarious other objects and advantages ■ 
of the invention will appear as this de- 
scription progresses. 

According to the present invention an 7fi 
optical instriiment for orthoptic' training 
purposes is provided comprising a pair of 
targets to be viewed by the patient, means 
for obtaining binocular visio^i of the two 
targets in the eyes of the patient, means to 80 
move both of said targets simultaneously 
in the plane of vision of the patient in the 
same direction and to the same extent at 
all times through closed paths, and means 
to prevent said targets from roclcing and 85 
from overturning relatively to the line of 
sight of the patient during such move- 
ment and to cause them to move in such 
manner that any straiglit line drawn on 
the suiface of either target will move into 90 
successive positions which are parallel 
with each other at all times. 

In its preferred form, the oithoptic 
training apparatus which I provide com- 
prises a stage which is designed to be 96 
moved in rotary paths at variable dis- 
tances from a central, point. This stage 
carries two latei'ally spaced targets, to be 
viewed by the patient, which are adjust- 
able towards and from each other and lOG 
which are ind 3pendentl5r adjustable 
vertically. These targets are adjustable 
both laterallv and vertically relatively to 
dioptric calibrations caiTied by scales on 
the stage. Thus, both the targets may 106 
be adjusted to meet both horizontal and 
vertical imbalances of the eyes of the 
patient being treated and the conditions 
of imbalances of the e3res may be initially 
mea^jui-ed, while measurements may be 110 
taken from time to time during the train- 
ing epcercises, to indicate progress of the 
training. Prisms are provided through 
which the patient may view the targets 
and these prisms make possible a 116 
. wi-der range of adjustment and wider 

Sofisibilities of excursion of the eyes 
uring the training exercises. Because 
the stage which carries the targets 
may be moved in rotary paths at variable 120 
distances from a central point, the extent 
of the rotarjr excursions of the eyes may 
be readily varied. Also, means is pro- 
vided for positively controlling the speed 
of the rotary m9vement of the stag-e and 125 
for reversing the rotary movement of the 
stage at intervals in order tliat the eyes 
may be caused to follow proper rhythmic 
excursions. 

The apparatus is further- provided with 130 
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a septum wliicli insiires tliat eacli eye \v-ill 
view one target only. Independent 
illuminating means is provided tor each 
target and the septum also serves to render 
5 the*^ illumination of one targ-et indepen- 
dently of the other. The illuminating 
means tivre of such a nature that the in- 
tensity of illumination on each target mB,y 
be regulated independently of the other 
10 and flashing may even be resorted to for 
concentration of vision upon both targets 
or either target. Auiciliary plus and 
minus spheres are preferably provided in 
connection with the prisms so that every 
15 possible combination of accommodation 
and convergence can be stimulated. 
Furthermore, the device is so constructed 
that perfect visibility of the patient's eyes 
and their movements at all times enables 
20 the operator to eheclr up on the target 
fixation, motility or alternation. 

The preferred embodiipent of the inven- 
tion is illustrated in the accompanying 
drawings wherein similar characters of 
25 reference designate corresponding parts 
and wherein ; . . p 

Figure 1 is a perspective view oi an 
orthoptic training apparatus made in 
accordance with the principles of the 
30 invention. ^ ' . i. 

Figure 2 is a rear elevation of tne 
apparatus shown in Figure 1. 

Figure 3 is a side elevation 
apparatus. 
35 Figure 4 is a fi^ont elevation 

apparatus. ' ' ^ . . 

Figure 5 is a perspective view showing 
the members which hold the targets to be 
used by the patient and illustrating the 
40 means for moving said members laterally 
of the stage. 

Figure 6 is a rear perspective view of 
the stage which has the target or card 
holding members adjustably mounted 
45 thereon. . 

Figure 7 is a perspective view ol the 
septum used for separating the vision of 
one eye from the other eye and for aiding 
in providing independent illumination on 

50 each target. • n xi. r a 

Figui-e 8 IS a plan view or the lorwara 
portion of the apparatus. 

Figure 9 is a view illustrating how 
addifional prisms or auxiliary plus or 
55 minus lenses may be applied. 

Figure 10 is a rear perspective view oi 
the apparatus, with the housing cut away, 
shoTv-ing the operating mechanism of the 
apparatus. ' ^ -i i 

60 Figure 11 is a plan view, partly broken 
away, of the operating mechanism: of the 
machine. . 

Figure 12 is a rear elevation or the 
operating mechanism shown in Figure 11. 
C5 Figure 13 is a detail illustrating the 
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crank arms on which the stage may be 
mounted and illustrating by dotted lines 
how these crank arms may be adjusted 
to vary the rotary movement of the stage. 

Figui-e 14 is a perspective view, partly 70 
broken away, of the mechanism used for 
rotating the crank arms and for adjust- 
ing the crank arms. 

Figure 15 is a. perspective view show- 
ing the mechanism for operating the motor 75 
reversing switch. 

Figure 16 is a perspective view, parHy 
broken away, of the speed governor which 
is emploj-ed for governing and varying 
the speed of the rotary movement of the SO 
stage. 

Figure 17 is a diagram of the electrical 
circuits employed with the apparatus for 
controlling* various devices. 

Figure 18 is a more or less dingrammatic 85 
view illustrating the purpose of the base- 
out prisms which are provided with the 
apparatus. 

Figure 19 is a view similar 1o Figure IB 
but illustrating how mirrors may be em- 90 
ployed instead of the prisms. 

Figure 20 is a front elevation of the 
stage showing one type of cord:^ or targets 
moimted thereon which may l>e used in 
the initial phoria tests. 95 

Figure 20a is a view illustrating how 
the images on the two cards of Figure 20 
will be exactljr superimposed when fusion 
is obtained hy proper adjustment of the 
targets. 100 

Figure 21 i?> a siiiiilnr view showing 
cards or targets moiinled on the stage 
which may be used in determining 
■w hether or not steropsis is present as well 
as for duction tests. 105 

Figure 21a is a. view illustrating* how 
the stereoptic images on tiie cards of 
Figure 21 will appear when proper fusion 
is present. 

Figiu'e 22 is a similar view showing 
cards mounted on the stage which carry 
jewels that may be employed for the * 
stimulation of vision in the amblyope. 

Figure 22a is a view illustrating how 
the jewelled targets of Figure 22 will 115 
appear to the patient. 

Figure 23 is a view practically identical 
with that of Figure 22 but illustrating 
how a lead pencil or wand may be moved 
ba<;k and forth across or around one of the 120 
targets to stimulate fixation. 

Figure 24 is a view illTistrating Imw the 
patient's eyes will be visible at all times 
during treatment to any one behind the 
instrument. * 125 

Figure 25 i.^ a view illnstrntiiift- a modi- 
fied arrangement for obtaining flashing of 
the lights which are employ- ed for illumin- 
ating the targets. 

With reference to the drawings and par- 130 
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ticularly to Figures 1 to 4 inclusive, the 
invention is illustrated as comprising ^ 
base 1 wliicli carries and suppoirts tke 
entire apparatus. Ihis base 1 Jias a lor- 
5 wardly extending* arm 2 pivoted thereto 
•as at 3 for saving ing- in a vertical plane. 
A casing or housing 4 is canied by a hori- 
zontal shelf 5 which is formed integrally 
with the rear end of the arm 2 and is 

10 suitably secured thereto. The housing' 4 
carries the operating mechanism of the 
apparatus which will be described in de- 
tail subsequently. It preferably has a re- 
movable front 6 and a removable back 7, 

16 A set screw 8 which is threaded through 
an opening in the rear end of the urm 2 
and the inner end of which co-operates 
with the vertical portion of the base 1, is 
provided for holding the arm 2 in any 

20 adjusted position suitable for the par- 
ticular patient. 

The arm 2 erjctends forwardlv a consider- 
able dislance aad has a pin 9 which 
carries a chin support 10 slidably moimted 

26 iu a sleeve 11 at its outermost extremity 1 
The lower end of the pin 9 rests against 
the forward end of a lever 12 which is 
pivoted between a pair of depending lugs 
13 formed on the arm 2 intermediately 

30 of its ends. The rear end of this lever 
12, which is pivoted for movement in a 
■vertical plane, is engag^ed by the lower 
end of a screw 14 which is threaded 
through a sleeve 15 -disposed inter- 

35 mediately of the ends of the arm 2. It 
will be apparent that by adjusting the 
screw 14, the height of the chin support 
10 may be varied to suit the particular 
patient. It may be further field from 

40 turning by a screw 16 threaded through 
sleeve 11 and fitting in a keyway or 
groove. 

The arm 2 adjacent to its forward end 
has an upwardly extend ini*- vertical sup- 

45 port 17 formed integrally therewith. The 
upper end of this vertical support carries 
a frame IS in which is disposed a pair of 
sphero-prisni lenses 19. It will be 
apparent that the patient may rest his 

50 chin on the support ](). which may be 
properly adjusted for him, so that he "may 
look through the lenses 19. The sphero- 
prism lenses 19 are so disposed that thoT 
are base-out. These base-out prismatic 

55 lenses are provided for a purpose to be 
explained. 

In Figure 9 is shown how a pair of 
lens-frames ISa may be removably 
mounted on the device behind the frame 

60 18^ which carries the ha?e-out sphero- 
prisms. Each of these frames has a means 
for attachment Pitch as a de-Dendinff pin 
on itfl lower edge (not shown) "nrbiph 3*e- 
movablv fits in a socket 380a fFicure 8) 

QB farmed in a support on the upper end of 



arm 17. Each frame ISa may be xemoy^d 
or lepiaced on the dence independently 
ot tile otlier. The irames Iba are adapted, 
to can'v auxiliary plus or minus spheres 
lor otunaiating any possible combination 70 
of accommodation and convergence, as 
will be explained more fully hereinafter, 
h'rames i6a may also be provided which 
cari-y auxiliary prisms either base-in or 
base-ouL which may be employed when 76 
dealing with the extre^ne types of phoria 
or strabismus. If desired, means may be 
provided for mounting a second set of the 
frames 18a behind the first set. Thus, 
it would be possible to have one set of 80 
plus or minus lenses for stimulation ot 
relaxation of accommodation and con- 
vergence and also have a set of auxiliary 
prisms for use in treating extreme types 
of phoria or strabismus. 85 

At the front and outside of the housing 
a stage 20 (Figures 1, 3 and 4) is mounted 
in such a manner that it may be moved in 
a rotary path about a centre. This rotary 
path may be varied and the speed of the 90 
rot^r5r movement may be positivels" con- 
trolled. The mechanism for moving the 
stage in a rotary path and <;ontrollino; the 
movement will be described in detail here- 
inafter. 95 

The staM 20 i>referably embodies a 
metallic plate which has target or card- 
holding members 21 and 22. mounted 
thereon. As shown best in Figure 5, each 
of the card or target-holding members 100 
comprises a vertically disposed strip 23 
having a calibrated scale 24a thereon for 
indicating vertical imbalances of the eyes. 
Each end of the strip 23 is bent rearwardly 
and then into overlapping relation to the 105 
stage 2U (Figure G). Thus, each target- 
holding member is mounted in such a 
manner that it may be moved longi- 
tudinally of the stage 20. On each plate 
23 a card-holding; member 2^1 is .slidably HO 
mounted for vertical movement and is 
held in any adjusted position by a flat 
spring 25 attached to stri^^ 23 and pressing 
against the member 24. 

Means are provided for siniultaneously Hg 
moving the target-carrying members 21 
and 22 along the stage away from each 
other or closer together. This means com- 
prises a flexible cord 26 which is passed 
around a plurality of pulleys 27 and is 120 
attached to the members 21 and 22 in the 
manner indicated in Figures 5 and 6. 
Tliis cord is also i^assed around a larg^er 
pulley 28 at the lower right-hand comer 
of the stage which is rotatable bv a 125 
knurled knob 29. It will be apparent that 
when the knob 29 is rotated in one'dircc- 
tion, the Tnembers 21 and ??will be moved 
away from each other and when rotated 
in the opposite direction they will be 130 
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moved towards eacli other. 

Tlie upper edg-e of tlie member 24 will 
co-operate with the scale 24a in indinat- 
iiig vertiaal imbalances. Scales 21a and 
5 zJi (Jfig-iu-e 4} are provided along- the 
upper edge of the stag-e 20 for co-operat- 
ino' with a mark 21b on each of the mem- 
bers 21 and 22 respectively for indicating 
borizontal imbalances of the eyes. 
10 The stas& 20 is provided with a member 
30 riveted or otherwise secured to the rear 
surface thereof. This member 30 has a 
pair of spaced socket members 31 which 
are in horizontal alignment with each 
15 other. The socket members 31 are adapted 
to removably receive the ends of pins 
which project f orwai»dly throuji-h the front 
wall of the housing- 4, as will be explained 
later. Thus, the stage may be removably 
20 mounted at the fro-nt of liousino^ 4. 

A septmn member 32 is provided in the 
form of a plate preferably of the shape 
illustrated in the drawings. This septum 
has a pin 33 (Figure T) pivntally earned 
25 as at 34 at the foi-ward end thereof. Ad- 
jacent to the rear end thereof is formed a 
tubular member 35 which receives a com- 
pression spring 30 aiul the inner end of 
a pin 37 which will be fre6 to slide therein. 
30 The spring 36 normally tends to force the 
pin 37 outwardly from the tubular mem- 
ber 35 but means is provided for prevent- 
ing it from being forced completely there- 
from into the position shown in Figure 
95 7. As shown best in Figirres 1 and 3, the 
septum 32 is adapted to be vertically dis-* 
posed with the. lower end of the pin 33 
fitting into a socket formed in the upper 
end of the vertical support 17 of the arm 
40 2. The rear end of the pin 37 will pro- 
ject into a socket formed centrally of the 
stage 20, It will be apparent that the 
septum may be readily mounted on the 
device regardless of the position of the 
45 stnge 20 and that it is connected to mem- 
ber 17 and the stage 20 in such a manner 
as not to interfere with the rotary move- 
ment of the stage. 

The septum 32 is disposed between the 
60 two target-cari-ying members and "will 
insure that each eye will only view one 
target. A light 3S is provided for each 
target and mounted on the outer end of 
an arm 39 which extends forw^ardly from 
65 housing 4. The septum permits the 
illumination of one target of the 
targets independently of the other. 
Each of the lights is controlled inde- 
pendently of the other. A i:heostat 
60 switch 40 is provided for contrcvllinff the 
intensity of illumination of each light or 
to tnrn^out the light completely, and a 
switch 41 is provided for each light to 
cause flashina^ thereof or to cause constant 
65 illumination^thereof. Tliese switches are 



connected into the circuit in a manner to 
be described. Either light may be turned 
on or ofi;, its intensity controlled or it may 
be caused to flash independently of the 
other light. 70 

The operating mechanism of the appara- 
tus which is coiitaint?d in the housing* 4 
will now be described in detail. This 
mechanism is best shown in Figures 10 to 
15 inclusive. It conij»rises an electric 75 
motor 42 of the reversible tj-pe which . 
drives a shaft 43. This shaft 43 is con- 
nected t-o speed reduction gearing dis- 
posed in a housing 44. This speed reduc- 
tion gearing is illustrated in Figures 11 80 
and 12 as comprising a worm 45 on shaft . 

43 and a worm gear 40 mounted on the 
rear end of a forw a rdly-ex tending shaft 
47, although this is for illustrative pur- 
poses only. The motor 42, gear housiufjr 85 

44 and all the other operating mechanisms 
are mounted, as shown in Figure 10, on 
the. front member C of the housing so that, 
when this member G is removed, all the 
operating mechanism will he renioyed 90 
from the housing as a single unit. 

The shaft 47 extends foi'wardly towards 
the front of the housing and isVotataWy 
suported in a suitable manner in a sup- 
porting structure 48 which is attached to 95 
the front plate 6 of the housing. The 
shaft 47 has its forward, end opera tively 
connected to a stub shaft 47a disposed in 
alignment therewith.. To connect these 
two shafts together there is providftd a 100 
disk 480 which is keyed on the forward 
end of shaft 47 and which has a plurality 
of pins 48a thereon (Figure 11) that pro- 
ject into openings formed in a disk mem her 
4B0a made of rubber or other suitable 105 
material. This disk 480a of rubber has a 
plurality of openings which receive a 
plurality of pins 51a that project from 
the gear 51 which is keyed on the rear 
end of the stuh shaft 47a. Thus, the shaft 110 | 
47 will be connected to the shaft 47a . 
through the medium of the rubber disk 
4S0a which wdll ** give " slightly when . 
the motor is reversed and, consequently, 
the gears didven hy the shaft 47a will not 115 
be injured Iby quick reversal of said shaft 
and objectionable noise will be elimin- 
ated. 

Adjacent to its forward end, the shaft 
47a has a square plate 49, which is formed 120 
of non-conducting material, keyed there- 
on. Adjacent te t;he plate 49 and 
attached to a suitable support is a pair of 
spaced contact members 50 which serve 
as a fla.sher switch for flashino' the lights 125 
38. These contact members are connected 
into the electrical circuits of the appara- 
tus in a manner to be explained later. As 
shown best in Figure 12, one of these 
contact members extends upwardly a 130 
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greater distance than the other and re- 
siliently contacts with the eUge of -the 
memDer 4^. When the square plate 4^ is 
in tlie position mUieated in this i'lgxire^ 
.5 the contact members will be spaced apart 
but wxien it rotates siigiitly tliey will come 
into contact with eacli other. JUuxmg' 
each rotaiiou ot the plate 4y, the contact 
members will be caused to contact with 
10 eacii otner and to move apart iour times. 
Tlie gear ol (i^ig-ure 11) is Keyed on 
the shait 4:7a. A second gear bZ is dis- 
posed loosely on the shatt 47 a in front 
of the gear 51 and is of the same size. 

15 This gear 52 is held in frictional contact 
with the g-ear 51. Consequently, when 
the shaft 4:7a rotates, gear 51 being keyed 
thereto will also rotate and since gear 52 
is held in frictional contact therewith, it 

20 will also rotate therewith but may be 
forcibly ^idvaneed or retai'ded as will 
appear later. 

The g*ear 51 meshes with a larger gear 
54a whach is iteyed on the shaft 55 that 

26 is mounted on tlie front plate 6 in such 
a manner that it is free to rotate. The 
g^ear 52 meshes with a gear oGa which 
is the same size as g:ear 54a and which is 
free to rotate on the shait 65. The gear 

30 5()a has a hub 57 that extends through 
the plate 6 and has a pinion 58 integrally 
formed thereon. The shaft 55 ex- 
tends through the hub 57 and pinion 58 
and has an ami 59 kej-ed thereon. The 

35 arm 59 has a second arm 60 pivoted to 
its outer end by a pivot member 61 pass- 
ing through an opening in the outer end 
thereof. This member 61 has a pinion 
62 formed integrally therewith which is 

40 of the same size as pinion 58 and meshes 
therewith. The extreme outer end of 
the arm 60 has a pin 63 disposed thereon 
and this pin is adapted to fit into one 
of the sockets 31 formed on the rear of 

46 the stage 20. The arms 59 and 60 co- 
operate to form a crank arm which may 
be adjusted in a manner to be described. 

The gear 51 meshes with a second gear 
54, at the opposite side, which is keyed 

-60 on a shaft 55a. The gear 52 meshea 
with a second gear 56 which is rotatably 
mounted on the shaft 55a. This gear 
56 has a hub 57 extending through the 
plate 6 and having a pinion 58 integrally 

56 formed thereon. The outer end of the 
shaft 55a has an arm 59 keyed thereon 
and this arm 59 has an arm 60 pivoted 
thereto by a member 61 which has a 
pinion 62 formed integrallj^ therewith 
=60' and which meshes with the pinion 58. 
This arui GO also carries a. pin 63. 

The shaft 55a extends rearward ly and 
projects through the rear plate of the 
housing 4. The extreme rear end of the 

65 shaft 55a has a disk 04 keyeid thereto 



which will be disposed outside of the 
housing. It is removably' held in place 
by a screw 65. The shaft 55a has ii 
sleeve 66 mounted thereon and rotatable 
relatively thereto and in an opening in .7( 
the support 48 in which it is. disposed. 
The extreme forward end of this, sleeve 
66 has a collar 67 (Pigui*e 14) keyed 
thereon which carries a radially extend- 
ing ai-m (iS. The outer end of .this arm H 
68 has a forwardly projecting pin 69 
which extends thi'ough an arcuate slot 70 
formed in the gear 54 which is disposed 
on the shaft 55a. The forward end of 
this pin 69 fits tightly into an opening 8C 
formed in the gear 56. 

The rear end of the sleev.e 66 has a 
collar 71 keyed thereon. This collar in 
turn has a knob member 72 of annular 
form splined thereon. A compression 8£ 
spring 73 is provided which bears against 
a Hange 74 on member 71 and against the 
member 72 as indicated. This spring 
normally tends to maintaiii the miember • 
72 in engag'ement with the member 64. 9C 
The member 64 is provided with a plur- 
alit5' ot circumferentially spaced holes or 
sockets 75 on its forward* surface any one 
of which is adapted to cooperate with a 
projection 75a formed in the rear end of 95 
member 72. The member 72 will also 
be disposed outside of the housing 4. 

The mechanism just described is pro- 
vided for varying the efirective length of 
the crank arms, formed by arms 59 and 100 
60, or in other words, the position of the 
pin 63 relative to the centre of rotation of 
the crank arm. In order to make this 
adjustment, the knob member 72 is 
pressed inwardly against the force of the 106 
spring 73 to disengage the projection 75a 
on member 72 from the sockets in member 
64. This projection and these sockets 
normally prevent rotation of sleeve 66 
relative to the shaft 55a but wlien disen- 110 
gaged permit such relative rotation. The 
sleeve 66 is then rotated on shaft 55a by 
rotating knob 72. Rotation of sleeve 66 
will cautie swinging of the arm 68. Con- 
sequently, the g^ear 56 on the shaft 55a 115 
will rotate relatively to the gear 54 on 
such shaft. This will cause rotation of 
the gear 52 on the shaft 47a relatively to 
the gear 51, such rotation being per- 
mitted because the gears 61 and 62 are 120 
merely held in frictional eontact. This 
will also cause rotation of the gear 56a 
on the shaft 55 relatively to the gear 54a 
carried by the -said shaft. 

When the gears 56 and 56a are rotated, 125 
the efPective lengths of the crank arms are 
varied. This is due to the fact that when 
the gear 56 rotates on the shaft it rotates 
the pinion 58. This also causes rotation 
of the pinion 62 and swinging of the arm* 130 
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60 relatively to the arm 59. Thus, tho 
aims 59 and OU may be adjusted irom 
a position where they are sup erini posed 
and Avhere the pin 03 is directly in line 
5 with the shai't upon which the crank arm 
rotates to a position whei»e the arm GO 
extends outwardly from the arm 59 and 
is iu alignment therewith. The arm 60 
may be swung' laterally to either side of 
10 the arm 50. In . other words, the arm 60 
may he adjusted to any position relatiT^ely 
to the arm 59. It will be apparent that 
both of the crank arms will be adjusted 
simultaneouslj- and in exactly the same 
15 manner and to the same degree. The 
distance bet ween the two ' pin 63 will 
always remain constant. When the 
crank arms have been adjusted as desired, 
the knob 72 is released and the spring 73 
20 will cause the projection on the member 
72 to fit into one of the sockets in the 
member 64. Thereafter the sleeve 66 
will be precluded from rotating relatively 
to the shaft 55a and the crank arms will 
25 remain in their adjusted positions. The 
knob 72 preferably has calibrations 72a, 
thereon which cooperate with a mark on 
member 64 for indicntiug' the throw or 
adjusted position of the crank arms. 
30 The stage 20 is adapted to be mounted 
removably on the crank arms. The 
^iocket members 31 on the stag'e will re- 
ceive the pins 63. AThen the motor 42 
is started, it rotates shafts 43, 47 and 47a. 
35 Since the gears 51 and 52 arc held in 
ffictional contact and since the gear 51 
is keyed to the shaft 47a, both of these 
gears will rotate with the said shaft. 
Both gears 56 and 56a will be rotated and 
40 both gears 54 and 54a will be rotated. 
Each gear 54 and 54a will rotate at the 
same speed as the gear 56 which ^ is 
mounted on the same shaft therewith. 
Consequently, the shafts 55 and 55a will 
45 both be rotated and both crank arms, 
which cai'i-y the stage, will be swung 
around their centres of rotation. As pre- 
viously described, the throw of the crank 
arms may be adjusted and this adjustment 
50 may occur either during- the rotary move- 
ment of the stag'e or when it is stationary. 
The stage move in a rotary- path and 
this rotary path may be varied merely by 
adjusting the crank arm by rotating knob 
55 72 relative io member 64. 

As previously stated, the motor 42 is of 
tlu- reversible t;sT>e. Means are provided 
fur automatically operating- a switch 
which will reverse this motor. As sliown 
60 best in Figures 10, 11, 12 and 15, this 
means com prises a worm 76 on the rear 
end of shaft 55 which meshes with a worm 
g^ear 77. This worm gear 77 is rotat- 
nbly mounted on a support 6a Fifrure 12 
65 tliat is attached to the front plate 6 of 



the housing and i.^ made of non-conduct- 
ing material. 

Directly above and extending over the 
worm gear 77 is an arm 7S which is 
pivoted to a vertical support as at 79 for 70 
swinging in a horizontal plane. This 
arm 78 Jias an upwardly projecting lug to 
which a resilient contact member SO is 
fastened. This contact member 80 is 
adapted to be moved into contact with 75 
either of iwo spaced con r net points BOa 
and SOb Pig*ure il wliich are supported 
on an insulating plate 81. Plate 81 is 
supnorted on the -support 6a as indicated 
in Figure 10. The . contact points 80a 80 
and 80b are connected in the electrical 
circuits of the machine in a manner to be 
described. 

Tbe plate 81 is notched as at 82 CFigure 
11) and a vertically iiisposed portion 83 85 
of the arm 78 projects into this notch. 
The edges of the notch limit the sT^-ing- 
ing movement of this arm, A latch 
member 84 has a lug 85 (Figure 15) on 
its outer end which in one instance keeps 90 
the aim 78 in the position illustrated in 
Fic'ure 11. This latch member is mounted 
on^a sleeve 86 which is rotatably mounted 
so that the latch member may swing in 
a horizontal plane. Formed intcgrall.y 95 
with the sleeve 86 is a pawl member 87. 
This member 87 extends beneath the 
worm gear 77 as indicated. It is pro- 
viaed witb a cam member 88 (Figure 11) 
at Its outer end. The worm gear 77 bus 100 
a depending pin 89 and a tl expending pin 
yo spaced Irum each othei*. A spring iii 
surrounds the sleeve 86 and normally 
tends to force the paw-l member 87 in- 
wardly towards the centre of the worm 105 
gear. However, when the pin 89 is in 
the position indicated in Figure 11, fur- 
ther inward movement of the pawl will be 
precluded. 

A second arm 92 (Figure 10) is pivoted 110 
to the support 6a as at 92a. ^^^^ ; 

extends above the worm gear 77 and is 
channel sbnped (Figure 15). The worm 
gear is ijrovided with an ui>wardly pro- 
jecting pin 93 that extends up into the 115 
channel space in the arm 92. A .spring 
94 is connected to the ami 92 adjacent 
to the outer or free end thereof and to 
the arm 78 adjacent to its outer or free 
end. 120 

*\Tn]en the mechnnisni just described is 
in tbe position indicated in Figure 11, 
the motor circuit is arranged so that the 
motor 42 will rotate in one direction. 
Assuming that the worm gear 77 will be 125 
driven in the direction indicatefl by the 
arrow, tbe operation of this motor-revers- 
ing switch operating mechanism is as 
follows : The pin 90 will ultimately strike 
the cam member 88 on the end of the ISO 



8 



459,761 



pawl 87 (rig-ures 11 and 15). TMs will 
cause botk tke pawl 87 and the latch 
member ^4 to swing- outwarclly, disengag- 
ing- the lug- 85 from the outer end ot the 
5 arm 78 so that it will be pei-mitted to 
swing' over ag^ainst the other edge of the 
notch 82. During movement of the pin 
90 towards the cam member 88, it must 
be remembered, the ariu 92 will be moved, 

LO through the medium of gear 77 and pii* 
93, from the position indicated in Eigurt- 
11 to the opposite side of ann 78. The 
spring 94 causes a movement of the arm 
78 in either direction as soon as th-e 

15 spring moves into an otf-centre position 
relatively to the arm, A snap move- 
ment of the arm 78 occui's the instant 
that the arm 78 is released by the latch 
member 87 and the contact member 80 

20 cojitacts the other contact point 80b. At 
this instant, the motor will be reversed. 
■ Upon reversal of the motor, the worm 
gear 77 will rotate in an opposite direc- 
tion, the arm 92 will move to the opposite 

25 side of the centre position, the arm 78 
will be released by latijh member 87 when 
the pin 89 engages the cam 88 so that the 
arm 78 can swing the other way causing 
the contact member SO to move into con- 

30 tact with the other contact member 8Ua. 
Thus, at regular intervals the motor 42 
will be automaticallj- reversed. It will 
be apparent from this that the stage which 
carries the tai'gets will first follow a 

o5 rotaiy path in one direction and then 
follow a rotary path in the opposite direc- 
tion. This reversal of tlie rotary move- 
ment of the stage will occur automatic- 
ally at regular intervals. 

40 Means are provided to g*overn the speed 
of the rotary movement of the target. 
The governor which has been provided 
may be adjusted so that the stage will 
rotate at any desired speed but when 

45 finally adjusted^ the speed of the rotary 
movement will be maintained constant 
unless the govern ar is again adjusted to 
vary the speed. 

This governor is illustrated best in 

50 Figures 10, 11, 12 and 16. This governor 
comprises a cross-arm 95 which has a hub 

96 til at is ke5'ed to the main drive shaft 
43 adjacent to its outer end. A similar 
cross-arm 97 has a hub 98 which is loosely 

55 disposed on the shaft 43.^ Thts cross arm 

97 is free to move longitudinally of tho 
shaft and also rotate relatively thereto 
but the cross- ai^m 95 is always h'eld in its 
original position. A diagonally disposed 

60 resilient strip 99 has one end pivotally 
connected to one end of the cross-ai*m 95 
as at 100 and its opposite end .connected 
to the opposite iind of the cross axm 97 as 
at 101. . A second resilient strip 102 is 

65 disposed on the opposite side of the shaft 



and has one of its ends pivotaUy connected 
to one end of the cross-ai*m \io as at 1U3 . 
and its opposite end pivotally connected 
to the opposite end of the cross-arm 97 
as at 104. - Thus, the cross-arms are 70 
joined ^gethcr by the members 99 -and 
102 which are arra:aged liJte an X. Each 
of the members 9y and 102 has a w€ig:ht 
member 105 secured thereto at u point 
substantially midway between the ends 75 
thexeof. 

■±he inner end of the hub 9G on the 
cross-arm 95 has bevelled- lugs. 106 pro- 
jecting therefiom. The inner* end of the 
hub 98 of the cross-arm 97 has cooperat- SO 
ing bevelled notch'^s 107 formed therem. 
A spring 108 is connectied to the cross-arm 
9( anu the cross-arm 95 and normally 
holds these members close together so 
that the Jegs lUb fit into the notches 107. 85 

Formed integrally with the hub 98 of 
the cross-arm 97 is a disk 109 which will ■ 
rotate and move longitudinally of , the 
shall 43 with the cross-arm 97 . This disk 
109 is always in friction al contact with 90 
a ring 110 of felt or the like carried 
within a member 111 but projecting 
therefrom. The member 111 is universally 
motmted as at 112 upon an arm 113. 
This aim 113 is att-ached at one end as at 96 
114 to a support 115. ^ The support 115 
has a ball lib loosely disposed m an open- 
ing formed therein. This ball contacts 
with the free end of the arm 113. It 
is held in the opening by a cam or eccen- 100 
trie 117. This eccentric 117 embodies 
a small disk -which is eccentrically 
mounted on the inner end of a shaft 118 
and is keyed thereto. The shaft 118 is 
mounted for rotation on the supporting 105 
structure 115 in a bearing member 119. 
A spring 120 surrounds the shaft IIS and 
maintains the eccentric 117 in proper 
position relatively to the ball 116- A 
transverse pin 121 is provided adjacent 110 
the inner end of the shaft 118 for cooper- 
ating ^\T.th a longitudinally extending pin 
122 on lug or bearing 119 in order to limit 
rotation of the shaft. The shaft 118 
projects out through an opening in the 115 
casing or housing 4 and has a knob 123 
keyed to its outer end by means of which 
it may be rotated. 

The operation of the governor will now 
be described. Asstmie that the shaft 43 120 
is at rest, the cross-arms 05 and 97 will 
be close together with the lugs 106 fitting 
into the notches 107. . The knob 123 is 
rotated to rotate. shaft 1 IS and the eccen- 
tric 117 in order that it will force the 125 
ball 116 inwardly against the arfii 113. 
This will cause the arm to move inwardly 
so, that the felt ring 110 and the disk. 109 
will be near each other. "With the felt 
ring and the disk 109 almost in contact, 130 
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a<^sinMe ilint the sliaft 43 is rotated, tlie 
^rovenior ^vill tbeu operate to preveat ex- 
cessive speeds of ilie ^haft. As Ion- as 
ilie "^liaft 43 rotates at a proper speed, tlie 
6 lu-s^ 106 AviU be disposed ni tb*- iiotclies 
107 and tlie cross-arm 97 will roia-te at 
tbe same speed and vriih tlie cross-arm 
95 If the shaft ^3:3, liowever, rotates too 
fa^t, tlie weinhts ]0o ^'ill l»e thrown oiit- 
10 wardlv, due to renirifuc'al foree, to suoh 
an e^:tent tlia^. tbe Ic^ns'tb of the members 
99 and 102 will be decreased. This wiM 
pause the cross-arm 97 to rotate on the 
•^haft relatively to the cross-arm 9o and 
15 hecause of the cooperatin- l^evelled liigs 
106 aiid the beTclled notches 107, the 
cross-arm 97 will be moved longihjdinally 
and outwardlv alonj? the shaft. This will 
force the di?k 109 into frictioual contact 
20 with the felt rin- HO and, consequently, 
reduce the speed of rotation of the shaft 

'^^Althongh the cross-arms 97 and 95 are 
shown for illustrative purposes spaced 
ofi apart a great distance in Pigtire 16, it is 
to be understood that normally th^ey are 
close toa-ether (Figure II) with the lugs 
106 ei:tending into the notches lOt , Also, 
when they are caused to move apart due 
30 to excessive =fcpeed of the shaft 43, they 
do not move very far apaxt. 

Thus the governor will control tne 
speed of the shaft 43 regardless of voltage 
fluctuations. The maximum speed per- 
05 mitted hy the governor may be varied 
merely by turning the knub 123 which, 
moves the felt ring 110 closer to or far- 
ther from the ring 109. Th« governor 
will function regardless of the direction 
40 of rotation of the shaft 43. ' , - 
The electrical circuits and controls lor 
the vaiious electrical devices of my 
machine will now be described in detail. 
Tron. the diaCTani of FiSiTire 1* , it wiU 
45 be apparent that a main line 125 is pro- 
vided which leads fi*om a- Bource of eJec- 
tricitv and which has one end connected 
to a Wire 126, each end of whicli is con- 
nected to one of tlie lights 38. Eacb 
60 light 38 has a second wire 127 connected 
thereto and to a rheostat 40a of the 
rheostat 40. The circuit then extends 
from the rheostat, through a line 128 to 
the switch 41a -u-hich > operable by the 
55 member 41 . This switch is of tbe double 
throw tvpe. The ^re 12S connected 
to contact points 129 and 130 on the 
witch The switch is also provided with 
spaced' contact points 1 29a and 130a as 
60 indicated. A contact meinber 131 1^ 
provided which is movable by the sv^itcJi 
operating arm 41 either into a position 
where it connects th.e contacts point?^ 130 

and I30a or to a P^^.^^f ^.^^ ^^/'l 
65 nects the contact points 129 and l~9a. 



However, the contact meiriber will always 
be in either of said positions and will not 
be in a u'^utral position ais indicated in 
the drawings. n ^ ^ 

The contact points 130a of the two 70 
switches 41a are connected, together by u 
wire 132. The contact points 129a 01 
the two switelies are connected together 
by a wire 133. A wire 134 has one end 
connected to the wii'e 13:i and its opposite 76 
end connected to one of the contact mem- 
bers uOa oi the flasher switch 50. The 
other contact member oOa of this switch 
is conjiectad to a wire 135 which has its 
opposite end connected to the contact 8D 
member 129a of ihe switch 41a disposed 
to the left (Figure 17). From ihe wire 
134 a wire 130 leads and has a resistance 
element 137 intei-posed therein. This 
wire 3 36 is connected to one ot the 85 
brushes 42a of the motor 42. The wire 
136 also leads to a master switch 13Sa 
operable bv a- lever 138. This switdi 
138a is connected to the other mam line 
I25a which kads to the source of power. 90 
A sbunt line 139 is provided M^hich ex- 
tends from the master s^^tch 138a to a 
jumper plate 140 which is also connected 
to the line 130. Wlien alternating cur- 
rent is employed this jumper plate is used 95 
but when direct current is employed, the 
jumper plate is removed and breaks the 
skunt circuit at this point. The naain 
line 125 is connected to a motor switch 
141 which is also connected by a line 142 100 
to the contact member SO of tlie motor 
reversing switch. The contact member 
80 is adapted to be in contact witb either 
of the contact members 8Ua and 80b of 
the motor reversing switch. One of the 106 
contact members 8()a is connected to one 
circuit 143 of the motor and the other 
contact member 30b is connected to the 
other motor circuit 144. Both of these 
motor circuits are connected to the other 110 
of the motor brushes 42a, 

When it is desired to operate the 
machine, the master switi^h 13Sa is first 
operated to close the circuit at this point. 
The motor switch 141 may nlso be oper- 116 
a ted to close the circuit at this point. 
Previous to the closing of the circuit by 
the master switch, all of the circuits will 
be -dead even if the motor switch is oper- 
ated to make contact at this point. How- 120 
ever, when the master switch is ^^losed, 
the current will ftow throus'b the line 125, 
line 126, throuuli each of the lights 38, 
through each of the lines 127, through 
each of rheostats 40a and thronprh 125 
each of the lines 128 to each" of the 
switches 41a. If the coniact members 
131 of the switches 41a are m position to 
connect together the contacts 130 and 
iSOa, tbe current will flow from each, of 130 
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these switctes tkroug-li line 132, line 134, 
line 136, switcli 138a and then throngk 
ihe otlier intiin line 125a c^oinj>Jeting the 
circuit throug-ii the ligliis, Wlien the 
5 members 131 of the switches 41a are in 
position to connect the contacts 130 to the 
contacts 130a, the liglits 38 will buru con- 
stantl5^ However, tbe intensity of each 
of the ligrlits may be varied independently 
10 by operating- the proper rheostat STN-itch 
40. Also , either light may be completely 
turned off by its rheostat swit<;h. 

Witli the master switch 138a and the 
motor switch 141 closed, the circuit to 
16 the motor is throiig-h main line 126, 
switch 141, line 142, contact member 80 
of the motor reversing switch, and then 
through one of the circuits 143 or 144 
and the motor brush 42a at the left. The 
20 other side of the circuit is from main 
line 126a, switch 13Sa., and line 136 to 
the other motor brush 42a at the right. 
The circuit to the motor 42 may be 
bi-oten without affecting the circuits to 
25 the lights, merely by operation of switch 
141. The direction of operation of the 
motor will depend upon which of the con- 
. tacts SOa or SOb of the motor reversing 
switch is in contact with the contact mem- 
30 ber 80. Consequently, the motor will be 
reversed at regular *^ intervals by the 
mechanism previously described. 

As previously stated, when the contact 
.members 131 of the switches 41a axe in 
35: position to connect contacts 130 to con- 
tacts 130a, the lights will remain bum- 
in^ constantly, provided the rheostat 
switches 40 have been ;properly regulated. 
Sowever, when the switches are so oper- 
40 ated that the contact members 131 connect 
the contacts 129 to the contacts 129a, the 
lights will be caused to flash at frequent 
intervals, provided th« motor is rimning 
at that time. In such an instance the 
46 circuits to the Hghts will be as foil ows : 
through Ime 125, each line 120. each light 
38, each line 127, each rheostat 40a, each 
line 128, each contact 129, each contact 
member 131, each contact 129a, through 
50 Hnes 133 and 135 to one of the contacts 
SOa of the flasher switch, and when said 
contacts SOa are together, throiigh line 
134, line 136j switch 138a and complet- 
ing the circuit through main line 125a. 
66 However, this circuit through the lights 
will he broken at regular intervals be- 
cause the member 49 wil] permit the con- 
tact members SOa of the flasher switch to 
separate at regular intervals as previously 
60 explained. 

Although the two lights are described 
as burning constajiily at the same time nr 
flashing together, it will be apparent that 
one may flash while the other is con- 
65 stantly hurniag. Each of the switches 



41a may be operated independently of the 
other to cause flashing of the light which 
it controls ur constant burniu"' thereof. 
Also, each of the rheostat switches may 
be operated independently of the other to 7' 
control the inteu.'sity ui the light which 
it controls or to turn it ofl: completely, 
furthermore, either of the lights or both 
may be illuminated while the circuit to 
the motor has been broken by the switcJi 7j 
141. When the master switch 138a is t 
oft', however, the motor circuit and the 
light circuits are dead. 

In using the iu strum ent, it is first ad- 
justed to suit the patient by loosening 8( 
screw 8 and tilting the instrument to the 
proper angle and then tightening the 
screw. The chin rest 10 is then adjusted by 
operating the screw 14 until the eyes of 
the patient are disposed at the middle or 8[ 
slightly below the middle of the prismatic 
lenses 19. As previously stated, these 
prismatic lenses are fiase-out. The 
patient should always wear his distance 
correction which, in conjunction with the 9C 
spherical correction iji the lenses on the 
instrument, gives complete accomodative 
rela^cation for infinity. 

At this time, the knob 72 on the rear 
of the machine is adjusted relatively to 96 
the member 64 until the mark on member 
64 IS in alignment with the zero mark on 
the member 72. This will indicate that 
the pins 03 carried by the crank arms 
60, which. carry the stage 20, will he in 100 
alignment with the shafts 55 and 5oa. 
Any suitable cards may then be placed 
on the target carrying members 24 ad- 
justably carried by the stage 2(1. For 
the first test, cards like those illustrated 105 
m lugure 20 may bo emplloyed. 

By referring to Pigure 5.8, the reasons 
for providing the base-out ilrisniatic lenses 
19 will be apparent.' lii this Pigure, 
auxiliary lenses ^re shown' at 19a which 110 
are provided for relaxation or stimulation 
of accomodation and convergence The 
targets are indicat-i at 24 ^nd the septum 
IS indicated at 32. It will be apparent 
Irom this Figure that because of the fact 115 
that the base-out prisms a-re provided it 
will be possible to have the targets spaced 
apart a considerable distance and, con- 
sequently, it will be possible to adjust the 
^stance '^^^^"^^'^ through a considemble 120 

In treating a patient, this instrument 
may irst be used in determining whether 
or not there are any imbalances in th» 
eyes and the extent of these imbalances. 125 
•ihen, the instrument mav be employed 
tor correcting or overcoming these 
imbalances. 

Thus, assuming tha.t the patient has his 
distance correction on and that he is look- 130 
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ing throug'li tlie jji-ismatic lenses as in- 
dicated hy \.hit tiiag'rani in Figure IS and 
also tiiat L-arJ.s like those illustrated in 
Figure -0 are mounted on the stagx% as 
5 previously described, the fii'st thing to be 
dane is to adjust the targ^et carrying; 
members in such a manner tha.t the im- 
balances in the patient's eyes will be de- 
termined. The targ-ets may be manipn- 
10 lated by the patient himself merely by 
turning the knob 29. The targ-ets should 
be manipulated by the patient so that the 
long vertical line on the one card or 
targ-et passes throag'h the shoi-t vertical 
. 15 line in the other targ-et or, in other words, 
the center of the horizontal line of the 
other target. The lateral imbalances of 
the patient's eyes will be indicated by the 
positions of the targets relative to the 
20 scale 21a on the stage 20. The dioptric 
equivalent may be read fi'om the scale. 
The targets may also be adjusted vertic- 
ally independently of each other until the 
long horizontal line of the one target lies 
25 over the shorter horizontal line of the 
other target. At this time, the patient 
Tvill see n. perfect cross since proper fusion 
has been obtained (Figure 20a), The 
dioptric equivalent of the vertical im- 
30 balances may be read on the vertical 
scales 24a., Thus^ the phorias in the 
l)atient's eyes vdll be determined and 
will be indicated in dioptric equivalents. 
IVith the indication of the phorias thus 
35 obtained, the nest step in using the instru- 
ment is to determine the ductions of the 
patient. The stage is still kept immov- 
able and is at zero position so that the 
patient's gaze is directed straight ahead 
40 with the eyes in a position at least 
approaching^: that of '* minimum innerva- 
tion '\ Without changing the position 
of the card holders, stereoptic cards, 
wliich may be of the type illustrated in 
45 Figuie 21^ are placed in the card holdei-s 
in order to determine whether or not 
stereopsis _is present. These cards are 
placed with the hea vy part of the hi nek 
inner circles inwardly and when fusion 
50 ocelli's the patient will see something like 
the image illustrated in Figure 21a. 
When this stereoptic effect is obtained, 
the tests for abduction may be made by 
moving the pictures or cards away from 
66 each other until fusion and stereopsis is 
lost. Then, the indications on the scale 
21a are read and noted. In ord<^r to 
test the adduction, the pictures or cards 
are moved inwardly towards each other 
60 xmtil fusion, and stereopsis is lost and the 
indications on the scale 21a ore then 
noted. The vertical ducfions may be ob- 
tained by similar movement in a vertical 
direction of one of the targ*ets or cards 
65 relative to iJao other and noting the in- 



dications on the scale 24a. The two last 
ii n d 3 n gs i n d i r: n 1 e whe th er or n ot treatment 
is necessary. If in these tests, the range 
of lateral iiiovtment of the targ-ets is in- 
sufficient for the particular patient, addi- 70 
tional base-out j-U'i^^i^s "^^^J be mounted 
on the device as previously indicated, or, 
additional base-up or base-down prisms 
may be employed. The prismatic load 
in the proper direction may be iiicreased 76 
readily without inteiTuptiiig vision hy 
proper adjustment of llie targets. The 
wide latitude of prismatic power both 
base-in and base-out will also be indi- 
cated on the long scale 21a at the top of -80 
the stage. Also, the vertical scales 24a 
will indicate whether base-down or base- 
up prismatic treatment is required. 

With the imbalances indicated to tlio 
practitioner and stereopsis thus obtained, 85 
the practitioner may then proceed with 
the treatnieni to overcome or correct those 
imbalances. This is done hy causing the 
stage 20 to move in a rotarj'- path and 
gradually moving the targets tawards or 90 
from each other depending ujjon whether 
the patient has low adduction or abduc- 
tion. Small excursions and slow 5p(?ed 
are necessai*^^ in the beginning of must 
treatments to obtain binocular fixation. 95 
However, wide excursions and higher 
speeds will be necessary for complnting 
the treatments. A wide variety of ex- 
cui*sions may be obtained by varying the 
rotary path'^of the stage merely by turn- 100 
ing the knob 72. The speed of* the rotary 
motion of the stage may be readily i*on- 
trolled by turning kuob 123 which con- 
trols the governor. However, the speed 
of the rotary movement of the stage will 105 
not change during a treatment unless it 
is positively changed by controlling the 
governor. The speed will remain con- 
stant at all times regardless of voltage 
fluctuations or because of continued uise. 110 
The stage will revolve in one direction a 
certain number of times and then will be 
antomatically reversed by the mechanism 
previousls'^ descrilied, so that the eye 
muscles receive a complete exercise. The 115 
i-otarj- movement of the stage may be 
stopped during the treatment, if desired, 
by operation of the motor switch in order 
to obtain binocular fixation. By move- 
ment of the stage as described, it is 120 
possible to establit^h throxagh these 
rythmic exmrsions and through the 
gradual adjustment of the targels during 
the treatments, not only the desii ed motor 
nerve impulses to the eye muscles but 125 
also to estnl lish over their proper paths, 
the reciprocal innorvntinns as well. 

During the rotary movement of the 
stag-e, both of the liglH^ JB8 may be on. 
Tbe intensity of illumination of cither 130 
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lig'lit may be controlled iudependentl;^ o£ 
tlie other or one may be turned ofi with- 
out ali'ectiiig' the other. Tiiis is done by 
controlling the rheostat switches 40. thus 
6 allowing perfect equalization of the visi- 
bility of images with a greater incentive 
to fusion. Filters are, consequently, 
■UIlnecessar5^ Either or both of the lights 
may also be caused to flash independently 

10 controlling the switches 41, as pre- 
viously explained. The septum 32 will 
make the illuininatinn of each target in- 
dependent of the other. Al^o, this -sep- 
tum insures that each eye will view but 

15 ono target. 

Axixiliary minus spheres may be 
mounted on the device, as previously ex- 
plained, for stimulating accomodation 
with convergence relaxed by placing the 

20 targets in the positions found in the first 
test. Every . possible combination of 
accomodatiou and convergence can be 
stimulated by the use of these or other 
auxiliary plus or minus spheres of varying 

25 powers. Also, as previously, explained, 
a'ttxiliaiy prisms may be mounted on 
the device either base-in or base-out when 
dealing with an extreme type of phoria 
or strsibismus. However, ordinarily the 

30 use of auxiliarj' lenses will not be 
necessary. 

TVith this instrument the nsual proce- 
dure in orthoptic training is reversed 
since, single binocular vision and stere- 

36 opsis is first obtained before proceeding 
with the stimulation of the weak ductions. 
Thus, all phases of orthoptic training are 
done simultaneously with a great decrease 
of time as compared to that heretofore 

40 necessary in such training. 

The procedure of training the muscles 
is very simplvi. Orthophoria is indicated 
when the targets are at the zero marks on 
the scale 21a. However, if esophoria or 

46 esotropia is indicated, it is onlv necessary 
to start at any position insicle of the 
zero mark where fusion can be established 
and gradually train out to the position 
of orthophoria, going on far enough to 

50 build the nece.ssary resei^ves. ^ Or, in 
case exophoria or e:Kolroi)ia is indicated by 
the scale, it is merely necessary to start 
with the pictures or targets outside the 
zero mark wherever necessary to get fusion 

65 and to work them in as rapidly as possible 
to the position of orthophoria and con- 
tinue on beyond this point for the estab- 
lishment of the necessary- reserves. It is 
unnecessary at this time to think of this 

60 treatment as the base-in " or base- 
out '* treatment but only as a treatment, 
going from whatever starting point neces- 
sary for fusion to orthophoria and beyond 
to establish the proper reserves. 

66 In order to stimxilate vision in the 



amblyopic eye, jewelled targets may be 
employed as indicated in Figure 22. 
These targets merely euibody jewel mem- 
ber:^ cujiiprisiug actual faceted precious 
stones or more conveniently coloured 70 
pieces of faceted glass suitably mounted 
and secured to cards. One jewel member 
is green and the other red. It is prefer- 
able to place a green jewel before the 
dominant eye and a red jewel before the 76 
non-dominant, amblyopic or suppressing ^ 
eye. The illumiaation on the green 
target is preferably reduced or eliminated 
and on the red target brought up to full 
brilliance. The red tai'get is used on the 80 
non -dominant eye becxiuse the red has a 
greater stimulating efiect than the green. 
As a further stimulation to fixation and 
the development of vision, a wand or lead 
pencil, as indicated in Figure 23, may be 85 
waved back and forth across or around the 
red target. The light oii the green target 
should be reduced and that on the red 
target should be increased so that they 
overlap and are completel5^ superposed 90 
one on the other. 

Although the manner in which this in- 
strument may be used in treating eyes 
has just been described it will be apparent 
that the aforesaid description is for illus- 95 
trative purposes only. The instrument 
is capable of being used in inn.umerable 
ways which may be readily discovered by 
an exx>erienced practitioner. 

From Figure 24 it will ber ^ipparent 100 
that the patient's eyes "s^'ill be clearly 
visible at all times to the practitioner if 
he places himself behind th? instrument. 
Th\is, during the treatment i, the eyes of 
the patient may be watched. This is an 106 
invaluable means of checking up on 
motility and fixation. 

By referring to the diagram in Figure 
19, it will be seen that means are pro- 
vided for taking the place of the base-out HO 
prisms 19 and obtaining practically the 
same results. That is, the targets 24 . 
may still be disposed a. considerable dis- 
tance apart so that a wido range of ad- 
justment will be possible. In this in- 115 
stance, instead of the prisms a pair of 
mirrors 190 may be provided which are 
arranged directly in front of the eyes. 
The auxiliary lenses 19a may also bo 
mounted on the device if desired. The 120 
mirrors 190 are arranged at an angle con- 
verging at their forward ends. A second 
pair of mirrors 19Da is provided which 
are preferably arranged a-t the same angle 
as the mirrors 190. Tlie targets 24 are 125 
spaced apart a considerable distance a-nd 
the mirrors 190a are also spaced apart 
considerably. Uowever. the images on 
the targets will be reflected in mirrors 
1 90a which will in turn reflect them into 130 
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tlie mirrors 190 and tlien into the eyes of 
the patient. Tlie lines oi sig'ht are in- 
dicated by tlie dotted Imes. All of ike 
mirrors arc preferal)ly adjnstably 
5 mounted tbrouffli tlie medium of ball and 
socket joints 190b so that they may be 
tilted universally. Thus, the mirrors 
tan be adjusted to give extra prismatic 
eii'ect. Obviously the mirrors 190 and 
lO 190a may be mounted in mnnr convenient 
ways, for example the mirrors 190 and 
190a are preferably mounted on the outer 
ends of arms extending- forwardly from 
the housing' 4 of ihe apparatus. 
j[5 In Figure 25 is shown a difl.ereut 
arrani4*ement for controlling- the Hashing 
of the two iig'hts 38, that illuminate the 
taro-ets. With this ai-rang-ement the 
two lights can be flashed not only indepen- 
OQ dently t>f each other by the flashing of 
one light mav he adjusted relatively to 
that of the other so that one light will 
he on *' while the other is off and 
vice-versa, or any other arrangement of 
25 flashing of the two lights relative to each 
other suitable for treating the particular 
patient, may be obtained. Also, with, 
the structure illustrated in this Eigure, 
the periods during which a light is dark 
30 will be irregular, and the light may be 
dark for longer periods than it is ligM, 
and vice-versa. 

In this Figure a shaft 470 is shown 
which corresponds to the shaft 47a of 
35 the structui-e previously described and 
shown in Fig-ures 11, 12 and 14, This 
shaft 470 carries substantially rectangular 
members 49a and 49b which are similar 
to the square member 49 of the other 
40 structure. These members 49a and 49b 
are so earried by the shaft that they may 
be rotated thereon relatively io each other 
and held in any adjusted position. The 
member 49a is adapted to control a flash- 
45 ing switch 500a and the member 49b is 
adapted to control a flashing switch 500d, 
each of which embodies a pair of resilient 
contact members that normally tend to re- 
main out of contact with each other. How^ 
60 ever, when the shaft 470 is rotated and 
the members 49a and 49b are,- conse- 
ciuently, rotnted, the contact memb^s are 
forced together at intervals. The flash- 
ing switch 500a is connected to one of 
55 the lights and the flashing switch 500b 
is connected to the other light, in a man- 
ner apparent from the preceding descrip- 

Iii ihe structure previously described, 
60 the member 49 that controls the flashing 
switch is square anil, conseiiuenlly. the 
flashinir of the lights will occur at regular 
intervals. However, the members 49a 
and 49b are rectangular and all the flash- 
65 ing intervals will not he the same. When 



the members 49a and 49b are of this pax- 
ticular shape, during two of the periods 
the light will be dark for a-, short time, 
while during two other periods it will be 
dark for a longer time, and the shorter 70 
and longer periods alti?rnate with eaeh 
other. AI0O3 the dark and light periods 
will not bo the same. However, it will 
be understood that the shape of tliese 
members may be widely varied, so that 75 
any arrangement of dark and ligfht periods 
may be obtained, which is suitable for the . 
particular patient. This is desirable in 
exercising* the ciliai-y muscles of accomo- 
dation by causing them to contract and 80 . 
relax. These muscles will contract dur- 
ing light periods and relax during dark 
periods and it is desirable to varj^ these 
periods to suit various patients. ^ Tke 
members 49a and 49b may he readily re- 85 
placed with other members of a different 
shape. Tlie shape of said members may 
be such that the light iieriods will be 
longer tlian the dark periods, and vice- 
versa. 90 

It is important to have the members 
49a and 49b so mounted that they may 
be rotated relative to eikch other. Wh^ 
they are adjusted relative to each other 
as indicated in this Figure both of tbe .95 
lights will be illuminated and be dark at 
intervals, but one of tbe ligits will be 
'* on " while the other is off and vice 
versa. However, these members may be * 
adjusted so that flashing of both lights 100 
occurs simultaneously. ^ The member 
49a may bo adjusted relative to the mem- 
ber 49b" in any desired manner to produce 
any desired arrangement of flashing of 
tlie lights relative to each other. 105 

As the treatment of the eyes of a 
patient with this machine pi*ogresses, it is 
desirable to move the two tai'gets closer 
together or farther apart by means of the 
manually operable adjusting means, as 110 
previously desciibed. It may be desir- 
able to do this during the rotary move- 
ment of the targets. 

It will be apparent from tlie preceding 
description that an instrument is provided 115 
which may be used in orthopic training 
for effectively directing the exercising of 
the muscles of the eyes to improve the 
tonicity thereof and to correct conditions 
and liabits of improper innervations. 120 
This apparatus is capable of meeting all 
needs of orthopic training in all it-s phases, 
namely : Pirst, as an aid in the reduction 
of amblyopia ex anopsia; second, to 
establish simultaneous binocular vision; 125 
third, for stereoscopic fusion training; 
fourth, for the building of reserves for 
comfortable vision. 

This instrument is of such a nature that 
it may be employed first for quickly and ISO 
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accurately detecting tlie imbalances or 
other defects of the eyes and may be used 
subsequently for correcting' or overcom- 
ing such imbalances or oth^r defects. It 
6 is of such a nature that it may be em- 
ployed in subjecting the eyes to training 
in such a manner as to induce normal 
habits only and the results of training 
with this apparatus will be of a permanent 

10 value. The operation of the apparatus 
is based on tbe recognition that all the 
associated movements of the eyes, be- 
come more or less habitual through repe- 
tition. It is designed to and does estab- 

16 lish through rhythmic excursions of the 
eyeSj both the desired motor nerve im- 
pulses and the direction of the reciprocal 
innervations over their proper paths, 
thus, accomplishing jj-roper group action 

20 of not only the muscles of each eye but 
a coordination of both groups in their 
normal versions in all meridians. 

The instrument may be adjusted so that 
single binocular vision may be obtained 

25 by the patient. The. targets are moved 
in closed paths without any roclcing move- 
ment. [Furthermore, both of the targets 
move simultaneously in the same direc- 
tion and to the same extent in such a 

30 manner that any straight line drawn on 
the surface of each target will move into 
successive positions which are parallel 
with each other. Consequently, there 
will be no danger of single binocular 

35 vision being lost during the rotary move- 
ment of the targets. In other words the 
various targets that may be used, will 
always maintain their initial vertical posi- 
tion. They do not turn over as they 

-40 move about their centers of rotation. 

In using this instrument, the usual pro- 
cedure of treatment is reversed in that 
vision in the amblyopic or suppressing eye 
is developed and fusion and stereopsis is 

45 trained, before attempting the stimula- 
tion of ductions, thus developing tonicity 
and motility more rapidly. Stimulation. 

of the extrinsic muscles in the desired 

direction is increased in much less time 

60 with the aid of stereopsis, and stereopsis 
must be present before permanent relief 
or cure can be obtained by orthcptic 
training. 

The targets may be placed so that the 
55 imag*es will be in line with the visual axis 
of €ach eye before either fusion or 
stereopsis is sought to be induced and 
will be accurately held in such positions 
during the exercising of the eyes so that 
60 fusion and stereopsis will not be lost. 
However, the targets may be gradually 
moved from time to time as the treatments 
progress in order to properly exercise the 
eyes and overcome imbalances. 
65 With this instrument rotary excursions 



are used in training the eye. "With this 
motion alone it is possible to secure per- 
fect group action and coordination ' be- 
tween the muscles, thereb5' training nor- 
malj natural associated eye movements in 71) 
all meradians. Both the range of move- 
ment of the stage and the speed of move- 
ment can be rcaidly controlled and varied 
so that as the treatments progress, the 
range of movement and tbe speed of move- 75 
ment of the stag*e may be increased. Slow t 
motion and small excursions are necessary 
in the first steps of securing binocular 
single vision when disassociation has be- 
come a habit. 8(1 

The illumination of each target is in- 
dependent of that of the other target due 
to tbe independent controls for the lights 
and the provision of the septum. The 
intensity of illumination of each light 85 
may be controlled independently in order 
to equalize the images when treating 
amblyopia. Another important feature 
is the provision of the means for flashing 
either light which interrupts the vision 90. 
of either ey-e rhythmically for overcoming 
suppression or suspension of vision, and 
for stimulation of accomodation. 

Means are provided for the development 
of third dimension or stereoscopic vision 95 
by the use of stereoscopic images. These 
images may be placed in line with the 
visual axis of each eye and will be held 
in such positions during the rotary move- 
ment of the stage. Consequently, there IQi 
will be no danger of fusion and stereopsis 
being destroyed -during the treatments. 

Many other objects and advantages will 
be readily apparent to those skilled in the 
art from the preceding description, the lb| 
accompanjang drawings add the following 
clainas. 

Having now particularly described and 
ascertained the nature of our said inven- 
tion and in what manner the same is to IK 
be performed, we declare that what we 
claim is : — 

1. An optical instrument for orthoptic 
training purposes comjjrising a pair of 
targets to be viewed by the patient, means 
for obtaining binocular vision of the two 
targets in the eyes of tbe patient, means 
to move both of said targets simultane- 
ously in the plane of vision of the patient 

in the same direction and to the same ex- 12( 
tent at all times through closed paths, 
and means to prevent said targets from 
rocking and from over-turning relatively 
to the line of sight of the patient during 
such movement and to cause them tS I2t 
jnove in such manner that any straight 
line drawn on the surface of either target 
will move into successive positions whicb 
are parallel with each other at all times. 

2. An optical instrument according to 13( 
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claim 1 wkerein ihe means to move, the 
tarn-ets ca.iises tiiem to move m siick a 
maTincr that tliey are uorma.lly mam- 
iaiued in a pre-selected position relatively 
5 to eacli other in order that single hinocii- 
lar vision may be niainiauied alcer it as 

obtained. .. . 

3 An optical instrument according to 
any* of the preceding claims wherein 

10 means is provided for simultaneoiisly 
varying" tlie path of movement of both ot 
saici targets. 

4 An optical instiaunent according to 
anv of the preceding claims wherein 

15 means is provided for simultaneously re- 
versing the direction of movement of both 
oi said targets. 

5 An optical instrximent according to 
any of the preceding claims wherein 

20 means is provided for varying the rate ot 
movement of both of said targets simul- 
taneously and by the same amount. 

(5. Autoptical instrument according to 
claim 4 wherein the means for reversing 

25 movement of the targets is automatic and 
operates at preselected intervals. 

7. An optical instrument according to 
any of the preceding claims wherein 
means is provided to ensure that each eye 

30 will view ono target only. ^ 

8. An optical instrument according to 
any of the preceding claims wherein 
the targets embody stereograms. 

9. An optical instrument according to 
35 anv of the preceding claims wherein tlie 

targets i^re mounted on the instrument 
in such a manner that they may be later- 
ally adjusted relative to each other. 

10. An optical instrument according to 
40 claim 9 wherein the targets are also ver- 
tically adjustable. 

11. An optical instrument according to 
any of the preceding claims Trhich is pro- 
vided with manually operated means for 

45 positively changing the relative positions 
of the said targets in the plane of move- 
ment of the targets either while they are 
at rest or while they are luoving. 

12. An optical instrumenl according to 
50 any of the preceding claims whicb is pro- 
vided ^vith means for permitting the tar- 
gets to be disposed out of line 'with the 
visual axes of the patient. 

13. All optical instrument according to 
55 claim 12 wherein said means comprises 

prismatic lenses-. 

14. An optical instrument according to 
claim 12 wherein said means includes 
mirrors. 

60 1-3. An optical instrument according to 
anv of the preceding claims wherein the 
torGTts ore mountetr-iipou a single stage. 
3nenns being provifled to move the said 
stasre bodily^in a closed path in the plane 

65 of vision of the patient, and means being 



provided to prevent tlie stage from rock- 
mn- or rotating relatively to the line o± 
vision, of the patient during movement 
thertui and to cause it to move in such 
manner that anv straight line drawn on 70 
the surface thereof will move into suces- 
sive positions which are parallel with each 
other. . 

10. All optical instrument aecordiug to 
claim lo wherein the targets are adjust- 76 
able on the stage relatively to each other. 

17. An optical instrument according to 
clainis 15 or 16 having means fc»r vary- 
ing the palh of movement of said stage. 

IS. An optical instrument according to »u 
am- of claims 15, 3 0 and 17 wherein a 
governor is nrovifled for normally main- 
taininrv the 'speed of movement of «aid 
stage, and means is provided for adjust- 
ing said governor in order to positively 86 
vary the speed of movement of said stage. 

19. An oi>tical instrument according to 
any of claims 15 to IS wherein means is 
provided for automatically reversing- the 
direction of movement of said stage at pre- 90 
selected intervals. t . 

20. An optical instrument according to 
any of claims 16 to 19 wherein the targets 
are laterally adjustable relative to the 
stage ami means is provided for simul- 95 
taneouslj- moving both of said targets to- 
wards and away from each other. 

21. An ai^tical instmment according to 
any of claims 15 to 20 wherein the targets 
are both laterally and vertically adjus- 100 
able on the stage relative to each other. 

22. An optical instrument according- to 
claim 21 wherein ca libra terl scales car- 
ried by the stage are provided lor co- 
operation with tlie adjustable targets to 105 
indicate imbalances of the ej'^es of the 
patient: 

23. An optical instrument according to 
any of claims 15 to 22 provided with, a 
septum located between said targets for 110 
insui'ing that the patient will see one 
t^i*g-et only with each eye. 

24. An optical instrument according to 
any of the preceding claims wherein 
nieaus is provided for illuminating said 115 
targets. 

25. An optical instrument according to 
claim 24 wherein an independent source 
of illumination is provided for each 
target. . 120 

26. An optical instrument according to 
claim 24 or 2o wberein means ds pro- 
vided for varying the intensity of illu- 
miuation for each target. 

27. An optica] instrument according to 125 
claim 25 or 2G wherein means is pro- 
vided for flashing the illuminating means 
for each target in dt^ppTulontly of the otlier 
or simultaneously with the otber. 

28. An optical instmment according to 130 
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any of claims 24 to 27 wherein oneaois 
is provided tor flashing' the illuminating 
means for the targets at irreg"uiar inter- 
vals in such a manner that the length of 
5 light periods varies relative to the length 
of dark periods. 

29, An optical instrument according to 
any of claims 24 to 27 wherein means 
is provided for flashing the illuminating 

10 means for the targets at irregular intervals 
and in such a manner that all light 
periods are not the same length relative 
to each other and all dark periods are not 
the same length relative to each other. 

16 30. An optical instrument according to 
claim 25 wherein a pair of lights is pro- 
vided for illuminating the two targets, 
wherein naeans is provided for flashing 
one light independently of the other, and 

20 wherein means is provided for regulating 



the periods of flashing of one light rela- 
tive to those of the other light so Siat they 
may both flash aimtiltaneously, altemar 
tively or in any other relative maimer 
desired. -25 

31, An optical instrument according to 
any of claims 15 to 19 wherein the stage . 
is carried by a plurality of crank arms, 
and means is provided for simultaneously 
changing the throw of said crank -^teos by 30 
the same amount. 

32. Au optical instrument substantially 
as herein disclosed and described. 

Dated this 23rd day of April, 1936. 
J. S. WITHERS & SPOOISTER, 
Chartered Patent Agents, 
Staple House, 
51 & 52j Chancery Lane, London, 
Agents for the Applicant&. 
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